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Research has been carried out on two families of solids. The first one

involves fluoride, chloride and bromide glasses. The second one involves

microporous silica glass impregnated with organic polymers as well as inor-

ganic crystals. The viscosity, vibrational spectra, chemical durability,

fiber preparation and effects on oxygen on the properties of fluorozirconates

"have beer, studied. A number of new halide glasses were discovered. Micro-

porous silica glass impregnated with MPLA was found to be highly transparent

in the visible and possesses abnormal properties. Many crystals impregnated

into silica glass were found to have their melting points depressed and sowe

crystallographic transitions were also suppressed.
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i. Introduction

Inorganic glasses have been scientifically studied and practically util-

ized for a lorq time. The scientific challenge is due primarily to the fact

that structurally, glasses reseinble liquids but that mechanically, they behave

like solids. one of the must Important uses of inorganic glasses arises from

their transparency in the visible and hence their fabrication into Windows and

lenses. This project is corcerned with research on two relatively new fami-

lies of glasses which are both transparent in the visible. The first group

are glasses based or, halides, especially fluorides. Most of these glasses are

transparent from the TN to the TR. The second qroup are composites based on

the impregnation of organic polymers and other materials into microporous sil-

ica glass.

At the commencement of this program in October 197Q, small scale experi-

ments had already been carried out at UCtA which showed that the preparation

of these new transparent solids was feasible. Wjuring this reporting period,

from October 1979 to September MQ82, a great deal of work has been carried

out. The progress mWue to date on these two types of glf Lses are summarized

separately below.

IT. RIe-s:arch on Halide Glarses

A. RCkqrouiA Informatio.

Almocst all halide glasses reported in the literature orior to 1075 were

based or, eeF R•cause of the very low refractive irnex of BeF7 nD(n

1.'A75), the so-called ifuoroberyllate glasses also have low refractive indices



and have been considered for potential applications in high-power laser sys-

tems. (2) BeF 2 has often been described as a structural analog of SiOM4). BeF 2

glass has a three-dimensional random network structure In which BeFA tetrahe-

dra are the basic. building uni r.s with adjacent neiqhbors sharing only one

(4)corner similar to SiO2 glass. Addition of alkali fluorides tends to break

up the network anr non-brldglrj fluorine ions are formed. However, the basic

building urnits remain to be tne BeF• tetrahedra. BeF -based glasses are con-
4 2

sidered toxic materials and their preparation and handling are relatively dif-

ficult.

(5)
A"•ther halide which forms qlass readily is ZinCl1(. Some binary

glasses based on ZnCl have also been reported() . However, these are very

easily soluble it, water. In ]115, Poulain et al. reported the successful

preparation of some new fluo-ide glasses based on ZrUP A These new glasses

are much more chemically durahbe than ZnCl. but are non-toxic. They are some-

what more trarsmittlrq in the IR than the fluoroberyllates. Because crystal-

Ifne compadu4s of fluorides at, I molten fluorides containing zirconium have

. oly~iedra with x raniing from r to A, it has been posttilated that the

structureS ý-t these new fluoroziroonate qlasses must he very different from

(8)that of silicatos a-wd fluorohbryllates1. Tni the case of oxides and fluoro-

* beryllates, ease of qlass-for mtior, has always been associated with small
->rrldi,=atio. r.u'bers oi the rwetwork formers. For instance the coordination

n~~bvrr for qi, 'e -.d Be are ' and that for 8 is 3 and . The coordination

4 atmir of Zr in 7rF4 is o.

1:, 1"", prelimira--y expr.riments carried out at 11mL% showed that besides

zrFP, ,w,y other halide mixtures could form glass fairly easily. These

f."2
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q.%

include mixtures based on AlF -CraFl, HfF 4-BaFP ard ZrFA-NaCI. Since glass-

formation appeared to be widespread among systems which were not toxic, since

the structures of halide qlasses were practically unknown, and since their

"* optical transmissions promised to be superior to that of known oxide glassses

in the infrared, there were strong justifications to perform research on new

halide glasses.

B. Research Progress in this Period

"1. Viscosity of Fluorozircorate melts

The viscosity of liquids is governed by the structure at any tempera-

ture. Since glass is a supercooled liquid, viscosity information has a direct

bearirq on -tructure. Secondly, the ease of a liquid to form qlass is

directly governed hy viscosity aid the variatioi, of viscosity with tempera-

ture. Thus for scientific ard practical reasons, a study of the viscosity of

moltet, flu)rozirvorates is important. Turinq this period, a high temperature

viscometer has beer, modified &A viscosity measurements have been mMae on many

miltet4 fleorozirconates. Figure I shows the typical variation of viscosity

with temperature for fluorozitcvrates. The c•-wion Irrhealus equation is rnt

obeyed. rt seems likely that the degree of Owlymerization" increases with

derea i.q temperatures, as foQud for mansy assoclated liquids. The absolute

vAlues of viscosity are rAweitbat higher thar. rhat for fused salts like WaCl

but are rmuch less than that for qla-s-forw1iq lioulids like S1019 a•d n.O, (See

Table 1) for wompariron). The degree of association is thus not oxtenslve.

Prom viscosity measur itz, it vay be nostulated that the melt, ard hence the

rglazs, co:zrists of ZrF anioens a&d M4 catiorts. The ZrF anions contain both
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Table I. Viscosity of fluorozirconate melts, other glass-
forming liquids and molten salts at their liquidui
tempera ture.

T Viscosity Activation Energy Reference
Substance Structural type C) (Poises) (Kcal/mol)

;i0• 3-dimrnt ional 1)10 0, 180

3-dinten Lnioilm 1 54o -'.101 100 2

B 0.1 layer 450 l10 40 3

P2205 layer 572 >t0o 41.5 4

ZnCl layer 318 50 40 5

l.iA2 SiO chn i n 120U 4 24 1

NaPO3 ch 1iin 615 17 16.5 6

L i ie F3  cha in 365 5.6 14 7

NaCGI ionic 8uo 0.015 9.3 8

KINOu linir 137 0. 03 4.3 8

0.6 16.1 present

'10l:•IF• [Olhi'l 540 3 25 present
',OZr "
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Vigure I. The effects oF addition of MlaF, CaF 2 , LaF 3 anid ThF 4

on the viscosity of a BaZr 2 F1 0 melt.
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bridgiro anid non-bridging fluorine ions. Viscosity values at the liquidus

temperatures are low (less than I poise in qeneral) and hence rapid quenching

must be accepted for glass-formation for most fluorozirconates.

2. Chemical Durability in Water

The chemical durability of glasses in the system ?.rF-RaF2 -ThFA has been

studied at ?>no,3n and AO°C. The results of weight los as functions of time,

infrared transmission as functions of time, chemical compositions of glass and

solutions as functions of time were combined with electron microscopy results

ir, order to fully understand the corrosion mechanisms. The fundamental pro-

cess seems to be the replacement of particular cations in the qlass by posi-

tive ioris from the water, with the probability of participation of water

molecules. The corrosion appears to follow a (time)I/7 relation and is thus

diffusion controlled. Tt was possible to relate the weight loss to the con-

ceritratforn of water it, the glasses shown in Figure 7.

*.hemical analysis results indfr.ated that selective leaching of Ba ions

had occurred together with some ZrA+ ions while ThA+ ions remained in the

glassy network. The loss of Pa4+ ions seemed to have led to contraction of

the qlas!; surface and subsequent fracture. Thus even in moist atmospheres,

'xprotecteM fluoride qlass surface can become weakened and lead to subsequent

mechanical failure. In qeneral, fluorozirconates were found to be much less

chemically durable than silicate glasses such as window glass but could be

superior to fluoroberyllates.

I. 6
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3. Vibrational Spectra and Structure

The infrared and Raman spectra of a large number o4 fluorozirconates and

chloro-fluorozirconates were studied. Typical infrared and Raman spectra are

shown in Figures 3 and A respectively. By correlating the spectra of the

glass with those of crystalline and molten fluorozirconates, we have tenta-

"tively concluded that the hasic building unit in these glasses is the ZrF9;

octahedra. In Figure S, these octahedra are seen to form a six-mmebered rirn.

..'djacent ri.gs in the glass structure are linked together via non-bridging

fluorine ions and Ba+ ions. For chloro-fluorozirconate glasses, the present

interpretation of the results of vlbration-.ý. spectra suggests the larger Cl
ions to be the brid'i,-irtg ionts as shown it, Figure q. The structures postulated

i--.volved relatively -.,nali 7rF chains or rings and are consistent with the
x

viscosity results obtained.

A. New Halide Glasses

A numb.r of riew chloro-fluorozirconate glasses were prepared. The chem-

ical Lym~s.tions are shom. iL. Table 1 together with the qlass transition tem-

peratures ar.d crvstalliz,'tion -'emperatures.

New chloride and iew btoiide qlasses have also teen discovered. The

-wftem •LcC -RCl-Th(I4l was fo ad to have, extensive regions of glass formation
.4-. as show, in FIgure ". xwoe of these glasses are transparent to I4 Ap In the

infrared. New glasses were also Drepared tased or, Zn~r,. The optical

.trasmnission of one of these homide qlasses irn the infrared is shown in Fig-

tire . Th-e themical durahilities of the chloride ard bromide glasses were

- i:.ferior to those of the flur :des. Por Practical arvolcations, all these new

8
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"Table 2 ConpoItlon and cPharacteristlc tr-mperatures
of chloro-fluorozlrconate glases

Batch co:.position Analy:.:ed co'mposition T T.. g cryst
class - . .(.ol. j. (00e (c)

ZrF4 BaF 2 BaCL2 F BaCl 2

1 55 45 - - 28 245 265

2 60 40 55 20 25 247 271

3 65 35 - - 18 261 305

4 70 30 64 26 10 263 321

5 70 10 20 65 28 7 270 327

6 80 20 72 25 3 274 334

:.1

4')

1,- 13
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glasses will have to be protected by cladding. 9owever, it is likely that by

systematic study of glass formation, chemical durabilities can, be improved via

the addition of other bromides or chlorides.

'. Preparation of Glass Fibers

7W techniques have been evaluated for fiber Preparation. The first one

"involves direct drawing from the melt. The second one involves the prepara-

tion of a 'pre-formn and subsequent redraw. Because of the low viscosity of

currently known glasses, it was decided to test the redraw method. Rods of

"fluorozirconates were made by casting. Raw materials were distilled. The

rods were fitted Into a M.S i.d. Teflon FFRP tubing and redrawn in a dry

nitrogen atmosphere. Cladded fibers were successfully drawn with lengths up

to 50 feet and diameters down to SO p as shown In Figure R. Experiments have

been started to determine the effects of wet atmospheres on the tensile

strengths of the fluorozirconate fibers.

4. Effects of Oxygen Corternt on Glass Prpeties

Kr no•wn amowts of Zrn 1 ,BaO and La.3 were separately added to distilled

tl- .rides and g~lasses ,•ade with up to . weight % oxides. The infrared

6. "n•,issioiz wpre measured x,; well as other physical properties includitq

viscosity. Alth~ouh the wore is rot yet aooplete, it can he stated at present

that •amll MOYLUttS of oxyqer. ý:ar, have fairly large effects on the properties

of fluorozirvi.tnates. A techb-,que was developed ohich permitted the estimatlorn

f o ,xy'er. uor.tei.t it, fl1orozi rcionates

15
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III. Research on I Microporous Silica Glass

A. Backgrourd Information

NLher, alkali borosilicate melts of certain compositions are cooled to

some temperatures, a roeculiar type of liquid-liquid phase separation occurs

,,which exhibits an, interconnecting morphology. Such Phase separation is k-orw
"'" ition".(9,10)

as "sDinodal decomposition". Ore phase is essentially at, a]kali borate

and the other is Practically all silica containing about 1% B 034 When the

solidified phase-separated qlass is immersed In dilute acids or hot water, the

alkali borate phase is preferentially leached away, leaving a *skeleton" of

the silica qlass.j 1 1 1,•) This skeleton is know as microporous glass. The

total porosity can exceed cm and the pore diameters can he controlled by

heatme•t to a ravge from 20 A to Inoo .. (11,14)

Because of the unique microstructure of such fine interconnecting ch-n-

rels O;croporous- qlasu has been used in reverse osmoss(1s ) ard for the

preparation of enzymes. (I') The chatnels have teen partially coated with car-

bet, to form semicordauctinq compsites( 1 6 ) arn totally filled with metal to

give supercolttv-ors. (17) The latter exanple is particularly i:nteresting in

that the super.'4muetirig transition temperatures can be raised because the

m-,tal is In a ver/ fire filamentary state. The microPores. in a chemically

inert matrix of silica glass offer unique opportunities for studying the

behavior of other materials in a fine filamertary state. Further ro tran-

sparent cxmposi tes bale or microporous glas-s as krwmi.

17



..Prelmnary experiments at Ur[A Prior to September, 191c), i•dicated that

transparent composities based on polymethylmetbacrylate (PmA) ,n microporous

could be prepared. Secordly, theoretically considerations Indicated that the

properties of marny crystalline solids could be altered it they were impreq-

nated into microporous qlass to form fine filaments. There were thus strorg

_ustifications to perform research on impregrated porous glass.

B. Research Progress it. this Period

1. Polymer-impreynated Porous Mlass

Porous glass samples were obtained from Cornirq Glass Works. lypically

the :'-les were AOC% porous arid the average core diameters were 40 A. Liquid

W4A was first :L"mregriated into the microvores and the motmer ther, polymerized

4 with henzoyl aeroxide. The resultant composite was highly traitsparent in the

vir-ble. As a matter of fact th" composite was better than window qlass in,

visible transmission . The density of the composite w in-between that of

"sMil:a glass a• lmA. wever, its fracture toutryness was considerably

hlither thar, that of rwillca glass whilst its hardness was superior to that of

P-4A. The te:zilý? strertth of the cvrposite was hiqher than that of iP• and

_ W•:Alow -lass. A sirmarv of the imwortant properties measured is qiver, ir,

S•r . Piqure n sWows the superior visible trarismissior, of this new orqavic

)o"ly-%er-i:orj4-c qlazs coampsite. A nwumber of other liquid mr•-oers were

"- c.'lectee3 for 1"reqitlon. Ihe most promisinq to-date was ;i CoUlymer of

SAtyreto xd dim ethyl b;tadiere.

18
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Figure 9 Comparison of transparency between
porous glass-polymer coampmite and vindov glass.
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TABLE 3

S SuuMary of some Important Pr~eerties of Porous Glassp PMKA

and Composite

Material Porous Composite
Prgoerties Glass PPG+PNM)

Modulus of rupture (psi) 8742 19158

Young's modulu ' (psi) 2.51x10 6  4.75xl05 3.39x106

Poisson's ratio 0.20 0.33 0.22

Density (g/cm ) 1.446 ,2158 1.830S~~~1.•188 183

. Porosity (%- 33.5% 1.9%

Pore diameter (0) 75

Hazdruss.(GN/M 2 0.84 0.22 2.15

Transmittance 92%

Glass temperature (C) 1050•-; 105

Thermal expansion coef. 7.3x1O5  1.8x10"5

Diceectric constant 5.2 4.9 9.2

Oissipatimi factor 0.007 0.048 0.038

2
Fracture energy W/H 3.33 300 26.65

, Tou4ghuess ( 0.30 1.60 1.609

"'" .e P X

•°• 20



•-'

The fracture toughness .,f the composite, because of the lower T ot this
polymer, was even suoerlor to that of the PMMA-silica glass composite (l.A vs

* _.. 1~ t1 '. There is thus good indication that many new polymer-iticrganic

glass composites can be prepared with Interestirng and useful properties.

?• Porous ',lass Impregnated with Crystals

Three techniques were developed for the impregnature of a variety cf

irorgaric crystalline phases into microporous qlass. The first one involves

the melt. r Te second one involves the repeated impregnation aid drying of

_::aturated aqueous woutions. The third one Involves the repeated Impregnation

and decompositiorn of sol-qel liquids. The melting r ints of the impregnated

crystals were determined by rTYA ard X-ray analysis. Some of the results are

show*, in Table 4. tiage depressions of melting temperatures were observed. A

theory has been developed for explaining these melting point depressions.

-ccordir.' to this theory, the radius cf the microcrystalline particles inside

the mlcrooorous glass, R, is giver, by:

Ylr1 
T /ps a3f L T

where -r1  iznter'acial erergy between solid and liquid

IT bul. ml•tilg Pint

-4 "

-P :dersitv of ,oljid

if
•,; AHf :he~at o' t~u!;1Ofl

41•T = metinyi piint depression.
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Table 4 Melting point depression of various materials
in porous glass.

Impregnation M.P. (1C) M.P. AT
Method Bulk (OC) (0C)

NaNO3  Aq. Soln. 309 262 47
3

KO Moolten Salt 335 288 47

Aq. Soln. 283 52

-ligh Pres. 2S5 40

A'?'O 3  Aq. Soln. 216 170 46

.TNO 3  Molten Salt 214 177 37

Aq. Soln. i 175 39

N1( 4 NO3  molten Salt 175 125 50

Aq. Soln. 123 52

.1g12  Molten Salt 257 215 42

K2Ct 2 U7  Mo0t1r Sdlt 401 367 34

CaCl Aq. Soln. 645 565 80

--;-,A Aq. Soln. 961 901 60

Ci,

After icipregnat ion by irj. sol. method, heat treated dt
5000C --.24 hours.
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*The average value of R calculated by this equation was AO A. The averaqe

radius of the pores was foutid to be 25 A from experiments. The agreemnent

between theory and experiment was considered to be satisfactory.

Ancther interesting discover-yrwas that a nu~mber of crystals, after

impegatin nto th mirprosqas, no longer exhibit phase transforma-

tion at a temperature at Vhich the bulk solid would undergo phase transforma-

tion. lbese include KN0 3, TIINO3, AgNO.;, 1k19), TiO,ý and Zro.,. The tentative

explan~ation of this ph~enom~enon~ Is that the average pore size is significantly

less that, the calculated critical radius necessary for phase trazisformation.

The role of the porous silica glass surface is now being investigated.

.1.

B. Preparation of Dnroiw; Glass with tLrger Pores

(rurrerntly, porows glas, obtainable from Corning f*lass Wjr.rks has only one

pore size, viz, about Afl A in diameter, andi otte porosity, viz. 4n%. For

better understandcinq of the behavior of composites impregnated into micro-

porous, glasss ;ord to extetd the rartge of materials which can be impreqnated
--~~intan~ce, laq winic molecules), it is desirable to have microcorotis

-jit w.ith a wide range of nore size and norosity. We have no been able to

deve~aD the cap~ability of oreparirol microporous glass with average diameters

uo to ?Oflf' 4 and norosity up to Sc% Techniques have also been developed

wkiich permittr the accelerated leachirnz of the horate phase without stress-

AI ireuced crackirl.
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IV. Publications in this Period

"Preparation and Properties of Water-Free Vitreous Beryllium Fluoride", J. of
"Non-Crystalline .vlids 31, 4.1-445 (197Q). - _

"Fundamental Condition of Glass Fvtwation in Fluoride Systems," J. Am. Ceram.

"The Leaching of Phase-Separated sodium Borosilicate rlasses," J. Non-
Crystalline Solids '11, 171-389 (1974) with A. Makishima and J.J.-Ham-eT.

"Low Expansion Copper Altwmlrkosilicate Glasses," 7. Non-Crystalline Solid.; 30,
"2q5-q2 (07c)) with V. Matusita.

"Improvement of Chemical Iurability of High Expansion Phosphate rlasses by Ion
Exchaiqe," J. Materials Science IA, l5f0-15nq (197q).

"Electrical Properties of Semiconducting Oxide r.lavses," 1. Non--Crstalline
Solids 32, qI-10A (Vn7q) with L. Murawski and C.H. ChOing.

"Applications of lass in Electronics," Glass 51, 1-14 (0Q).

"Electrical Properties of Semiconducting Oxide Glasses," Rev. de Chim. Min.
M#, VA-127 (1919) with C.H. (Chung and L. Murawski. -

'Effect of Ton-Exchange or, the Young's Modulus of Glass," 7. Non-Crystalline
Solids 3q, IP5-00n (lQRfl) AIth J. Wkaki.

"Infrared Absorption mol Structure of Chlorophosphate Glasses, .1. Non-
.Crytalline qolids On, 535-54P (190n) with R. Almeida. -

"Tonic Transport and nefect Structure of Vitreous Beryllium Fluoride," 7.
-or.-Crystalline %olids 4n, I35-14P with C.M. Baldwin.

"Electrical Properties of v.o0-PbO-rGeO, Glasses," J. Materials Science If,
.- ' • ?• 9R (1.9Pl). 

-

"Iotic Trarzsprt in the ReFP,-CsF rlass System," T. Non-Crystalline Solids 42,
4S5-49F (19R0) with C.M. Baldwin.

w":Iectri(al Drorerries of 1.-tary Semiconducting Oxide Glasses Containing c;5
"04 ole % v N,. N)n-Crnstalline Solids 42, 'q7-Vn (JQRO) with C.R.

"Vibratioial Soectra and Strixture of Fluorozircvnate Mlasses," 3. Chem. Phs.

"Halide llasses," .7. oIn-Cry:;talltre ,olids A3, 109-14,4 (IRl) with C.M.
Baldwin arAd R. AlMeida. -

S'Soliri-to-..olid Phase Transf)rmatlotz in Fine Filaments,' Proceedir s of the4 Tnt. Cor.f. or, Phase rrarsformatnors, Pittsburgh, PA., August EF% ? with
K. Kadokura.

. 24



* -. -. - .- . - -

p.

"Glasses from Melts and Classes fromt Gels, A. C'osarison, of
First Int. Workshop On So]-Gel Glasses, Padova, Italy, September i.•

'State of the Art and Prospects of Mlass Science," Proceedinqs of Beijing mt.
Sy•posium on Glass, Beijing, China, August 194 8.

*Controlled Crystallization of Glass Fibers,* Advances in Ceramics 4, 717-43
Am. Ceram. Society (1cq) with E.T. WU and T. Yosl6o. -

*Low Fxpahision Olass-Ceramic Prepared from Cu O-Al 0 -SiO Glasses," Advances
in Ceramics 4, 777-R7 Am. Ceram. So&. (1384) wibh K. Matusita" and S.

*Vibrational Spectra and Structure of Chloro-Flcorozirconate Glasses,* J.
-on-Crystalline Solids, 51, IR7-200 (1982) with R. Almeida.

"New Chloride Glass in the MaeI-KCI-ThCl 4 System,O J. Non-Crystalline Solids
51#, 79r-72 (1082) with He-fang Hu. -

""Te Electroconductivity of Fluorozirconate and Cbloro-fluorozirconate
Glasses," J. Mat. Sci. 1, 1513-3P (1Q82) with R.M. Almeida.

'New Halide Glasses-Bromide ",lasses based on ZnBr ," by H.F. Hu, F.O Ma and
J.D. Mackenzie, J_. Non-Crystalline Solids, acepted for publication.

-New Methods of Studying Disordered Solids,' by J.n. Mackenzle and John Lau,
.J. de Physique (accepted for publication).

'Vi•cosity of molten Fluorozirconates," by R.F, Hu aid .7.n. Mackenzie, J.
Non-Crystalline, Solids, accepted for publication.

"Structure and Properties of Thorium-Fluorozirconate Binary Glasses,' by R.M.
A lmeida and J.0. 4adkenzie, Proceedings of XIII Int. Cong. Glass.
(Accepted for publication).

OA Structural Interpretation of the Vibrational. qvectra of Binary Fluorohaf-
nate Glasses,' by R.M. klmeida and J.3). Mackenzie, .. Chem. Phys. (Sub-
mitted for publication).

"Mi4krostructure of Powur, {iess by Hiqh Resolution Electron microscopy,' J.
-A Non-Crystalline qolids, accepted for publication with Y. Rando.

"Corrosion of Fluorozircortute Glasses in Water," by M. Lieprann and J.D. Mack-
•zie, .7. "rt--Crystallirie Solids. (Submitted for publication).

.Water Resistarie of Fluorozircaiate Glass,* by M. Liepmann and J... Macken-
"zle, 7. Non-Crysralline cqlids. (Submitted for publication).

'Fc-ts of Oxygen oin 0rt Properties of Fluorozircorsate Glasses,' by H.F. Nu
a.,4 J.,). Mac.kenzie, in Preparation.
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-*'- "Preparation of Porous Glass with Large Pores,* by T. Morimoto and J.D. Mack-
enzie, in preparation.
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V. Miscellaneous Achievements

A. Graduate Degrees Awarded

Based on research supported by AFOSR, the following graduate degrees

were awarded to graduate students under the supervision of J.D. Mackenzie.

Ph.D. Degrees

C.H. Chung, 197) J. Wakaki, 1979

R.M. Almeida, 19PO C.C. Liu, 1981

M.S. Degrees

Edward Wu, 19R0 Rex C. Claridge, 1980

- hbnika Liepmann, 1981 Joseph Yuen, 1981

Andrew vo, 1981 •.C. Chen, 1981

B. Achievements of the Principal Investigator

1. 3.n. Mackenzie was Chairman of the Publications ronuittee of the Inter-

national Congress on Glass, 1992, and editor of the Proceedirgs of that

Congress.

.'). ,7.n. Mackewzie was organizer of the International Confereice on &:on-

tiers of Glass Science,# held in Los Angeles, 19PO, and co-editor of the

PiO';Oedi rqs.

3. 3.1. Mackenzie was invited by the Peoples Republic of China to organize

the First International qyqpsiurn on Glass, held in Beijing, China,

August, IQAI and co-editor of the resulting Proceedings.

704. - M., •ckenzie was invited to serve on the International Advisory
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Committee of the following meetings:

a. International Conference on Ultrastructure Processing, U. of

Florida, February IQP3.

"b. International Workshop on Glasses and Ceramics from rels, Max

Planck Institute, WUrzburg, Germany, July, 19A3.

c. International Conference on Glass Science, Tech. U. of Clausthal,

Germany, July, 19A3.

d. Tnternational Conference on Physics of Non-Crystalline Solids,

"Montpellier Lkiv., France, July, 1987.

C. Patents

Three patent disclosures were prepared and submitted to the

University of California Board of Patents. Subsequently, these disclo-

sures were transferred to the I.S. Air Force. At present, these disclo-

sures are being processed by the Air Force.

VT. Personnel

luring this period, the following had Participated and made con-

"tributions. to the proqress reported.

-r. .7•1). Mackenzie, Prircipal Investigator

Dr. 1. Miura, Research Assistant, I98O-Al

Dr. T. Takusaqawa, Research Assistant, 19g9-R0

Dr. Jonn iu, Research Assistant, 1*1-R2
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Dr. N. ¶bhge, Research Aosistant, 1981-82

Dr. R. Almeida, Research Assistant, IqPl-82

Mr. H.F. fu, Research Assistant, 190-R".

Miss N. Liepnann, Research Assistant,, 1979-8.
S.,

Mr. Keith Kadokura, Research Assistant, 1979-R2

Mr. C.H. Oihuwgq, Research Assistant, 1979

Mr. .7. Wakaki, Research wssistant, 1974

Mr. C.C. Liu, Research kUsistant, 1979-81

Mr. Fdwrd Wu, Research Assistant, 1979-82

Mr. Arirew Ko, Research Issistant, 19RO-81

Mr. Rex Claridge, Research Assistant, 19'9-80

Mr. .Joserpi Yuen,, Research Assistant, 1980-82

"Mr. r.r. Chen, Research ?ssistant, 1980-82

Mr. T. Morimoto, Researct Assistant 1990-82

In addition a numlyr of undergraduate laboratory assistants wre

employed to assist in this research program.
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